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Primary microcephaly is a genetic disorder in which an affected individual has a head circumference 13 SDs below
the age- and sex-related mean. A small but apparently normally formed brain is the reason for the reduced head
circumference, and, probably because of this, all affected individuals are mentally retarded. The condition is ge-
netically heterogeneous, and four loci have already been identified. We now report a fifth locus, MCPH5, which
is an 8-cM region mapping to chromosome 1q31, defined by the markers GATA135F02 and D1S1678.
Primary microcephaly (MIM 251200) is defined as an
autosomal recessive condition in which an individual’s
head circumference is 13 SDs below the age- and sex-
related mean at birth and thereafter. Affected individu-
als are usually moderately mentally retarded but have
no other neurological, syndromic, or significantly dys-
morphic features. Other causes of microcephaly, such as
chromosomal abnormalities or environmental effects,
must be rigorously eliminated, since primary micro-
cephaly is, at present, a clinical “diagnosis of exclusion”
(Ross and Frias 1977).
It has recently been shown that primary microcephaly
is genetically heterogeneous, with four loci having been
identified: MCPH1, at 8p (Jackson et al. 1998); MCPH2,
at 19q (Roberts et al. 1999); MCPH3, at 9q (Moynihan
et al. 2000); and MCPH4, at 15q (Jamieson et al. 1999).
We now report a fifth locus, MCPH5, mapping to an 8-
cM region, on chromosome 1q31, that is defined by the
flanking markers GATA135F02 and D1S1678.
The MCPH5 locus was identified in a consanguineous
family from Multan in Pakistan (fig. 1). In this family,
there are three living affected individuals from whom
DNA was available, as well as an additional child who,
on the basis of medical history, had been identified as
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affected and who had died. All three affected children
were microcephalic at birth, with head circumferences
between 5 and 7 SD from the norm when they were
examined at ages 4, 7, and 28 years (fig. 2). All had
moderate mental retardation, as judged by a local pe-
diatrician, the family, and ourselves, with no apparent
diminution of abilities with age. They were all in good
health and not dysmorphic, had no past medical history
worthy of note, and, with the exception of minor lan-
guage delay, had normal developmental milestones. All
were affable, followed instructions well, and hence had
learned good self-help skills. None had undergone neu-
roimaging studies. The parents had normal intelligence
and head-circumference measurements. Although it has
been stated that carriers of primary microcephaly have
diminished intelligence (Qazi and Reed 1975), this has
not been seen in any of the families in which linkage to
MCPH loci has been reported.
DNA was extracted from peripheral blood lympho-
cytes by a standard nonorganic method. A high-reso-
lution genome search was performed on seven family
members, by use of the CHLC/Weber Human Screening
set, version 8 (Research Genetics). This screening set
contains 386 fluorescently labeled microsatellite mark-
ers, 365 of which cover the 22 autosomal chromosomes,
with an average distance of 10 cM between markers.
PCR reactions were performed according to the man-
ufacturer’s instructions. The PCR products were sepa-
rated by gel electrophoresis on an ABI Prism 377 se-
quencer and were analyzed by the ABI GENESCAN and
GENOTYPER 1.1.1 analysis packages. A region on chro-
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Figure 1 Pedigree structure of family studied, and genotypes for
the five markers on 1q31 that encompass theMCPH5 locus; for clarity,
unaffected siblings have been omitted. Marker order is that of the map
published by the Centre for Medical Genetics, Marshfield Medical
Research Foundation.
Figure 2 Photograph of individual IV-2 at age 28 years, illus-
trating a small head size but otherwise normal appearance.
mosome 1 was examined further, by use of additional
markers—GATA135F02, D1S1726, D1S373, D1S1723,
and D1S2615—that were by use of The Genome Data-
base and the Center for Medical Genetics, Marshfield
Medical Research Foundation. Allele frequencies for the
markers were determined on the basis of data from 30
unrelated nonmicrocephalic individuals from northern
Pakistan.
The LINKAGE analysis programs (Lathrop et al.
1984) were used for two-point analysis assuming an au-
tosomal recessive mode of inheritance, full penetrance,
a disease-gene frequency of .003, and marker-allele fre-
quencies that we had derived in the manner discussed
above. Multipoint analysis was performed by GENE-
HUNTER 2.0 beta (Kruglyak et al. 1996), with the same
parameters as have been noted above. However, be-
cause of both the computational limitations of GENE-
HUNTER 2.0 beta and the size of the family, the ped-
igree was split into two parts, for multipoint-LOD-score
analysis (the uncle and nephew [IV-2 and V-1] were an-
alyzed together, and individual V-2 was analyzed sepa-
rately), with the same coefficient of inbreeding being
used for all three of these affected individuals. Marker
distances were calculated by use of the Marshfield link-
age map (Center for Medical Genetics, MarshfieldMed-
ical Research Foundation).
Analysis of the results of the genome search identi-
fied an area of interest on chromosome 1q31. A common
homozygous region of 8 cM was found in the three
affected individuals, defined by markers GATA135F02
and D1S1678 (fig 1). Two-point analysis gave a LOD
score of 3.28 (recombination fraction [v] 0) at D1S1723
(table 1). A maximum multipoint LOD score of 3.7 was
calculated for marker D1S1726 on chromosome 1q31.
The locus is registered at the HUGOGeneNomenclature
Committee Web site, as “MCPH5.”
Haplotype analysis and a LOD score 13 both suggest
that region 1q31 contains a gene causing primary mi-
crocephaly. The MCPH5 locus is !8 cM in size and
contains no obvious candidate gene (GeneMap’99). It
will be interesting to see how many autosomal recessive
gene loci are found for primary microcephaly and by
what mechanism those genes cause a reduction in ce-
rebral cortex size. Deletions encompassing the chro-
mosome 1q31 region have been described that invariably
cause mental retardation and that usually are associated
with congenital microcephaly (Schinzel 1994). Whether
the microcephaly seen in such patients is caused by hemi-
zygosity for theMCPH5 gene, resulting in either a gene-
dosage effect or the exposure of the recessive-gene mu-
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Table 1
Two-Point LOD Scores, at v p 0, for Each
Marker at 1q31, versus the Primary
Microcephaly Phenotype in the Family
Studied
Marker
LOD Score
at v p 0
GATA135F02 2.99
D1S1660 2.07
D1S1726 1.22
D1S373 2.65
D1S1723 3.28
D1S2615 2.56
D1S1678 
tation by the deletion, is unclear (Perez-Castillo et al.
1984).
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